The electrochemical reduction of benzoic acid (BZA) has been studied at platinum microelectrodes (10 µm and 2 µm diameter) in acetonitrile (MeCN) 
Introduction
Room temperature ionic liquids (RTILs) are compounds composed entirely of ions and exist in the liquid state at and around 298 K. [1] [2] [3] [4] RTILs have several unique properties such as lowvolatility, (considered "greener" than volatile organic solvents), 1, 5, 6 high thermal stability and can be "tuneable" by simply varying the nature of the cation and anion. [7] [8] [9] RTILs have a wide electrochemical window which allows experiments to be performed that are normally out of the range of traditional solvents e.g. electrodeposition of some metals and semi-conductors.
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They have a high intrinsic conductivity (composed entirely of charge carriers), allowing for electrochemical experiments to be performed without added supporting electrolyte, simplifying experimental set-up and minimizing waste. They are currently being used in other applications such as organic and inorganic synthesis, [11] [12] [13] 
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The exact nature and relative strength of acidic protons dissolved in room temperature ionic liquid systems is still a topic of investigation. For example, conventional acid-base indicators have been used to physically probe the inherent acidity of ionic liquids, but the observed colour changes are the result of a combination of hydrogen-bonding interactions and the acid-base equilibria. Figure 1 ) in order to further try to understand the nature of acid/base behaviour in RTIL media. The electrochemical reduction of weak acids is thought to proceed by the following generic CE mechanism:
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Cyclic voltammetry for benzoic acid reduction has previously been reported in water/acidic media, [33] [34] [35] and in the aprotic solvents dimethylformamide (DMF) 31 and dimethylsulfoxide (DMSO), 32 appearing to be relatively broad and electrochemically quasi-reversible/ireversible in all cases, and to follow the CE reaction mechanism. The kinetics of the homogeneous step (equation 1) can be studied by observing how the limiting current responds to changes in electrode size and concentration of BZA. [36] [37] [38] [39] In this work, the findings from this type of kinetic analysis is discussed, and the results may have implications both in the understanding of electrode kinetics of CE reactions, and generally in the behaviour of protons in RTILs. 
Instrumental
Electrochemical experiments were performed using a computer controlled µ-Autolab potentiostat (Eco-Chemie, Netherlands). A conventional two-electrode system was employed for all experiments performed in RTILs, with a platinum electrode (10 µm or 2 µm diameter) as the working electrode, and a 0.5 mm diameter silver wire as a quasi-reference electrode. The electrodes were housed in a glass cell "T-cell" designed for investigating microsamples of ionic liquids under a controlled atmosphere. 28, 43 The working electrode was modified with a section of disposable micropipette tip to create a small cavity above the disk into which a drop (20- 298 K. 44 All experiments were performed inside a thermostated box (previously described by Evans et al.) 45 which also functioned as a Faraday cage. The temperature was maintained at 298 (± 1.0) K. 6
Chronoamperometric Experiments
Chronoamperometric transients were achieved using a sample time of 0.01 s (0.001 s in MeCN).
After pre-equilibration for 20 seconds, the potential was stepped from a postion of zero current to a chosen potential after the reductive peak, and the current was measured for 10 s (0.5 s in MeCN). The software package Origin 7.0 (Microcal Software Inc.) was used to fit the experimental data. The equations proposed by Shoup and Szabo 46 (below) were imported into the non-linear curve fitting function, and the computer was instructed to perform 100 iterations on the data.
f (τ ) = 0.7854 + 0.8863τ
Here, n is the number of electrons transferred, F is the Faraday constant, D is the diffusion coefficient, c is the initial concentration of parent species, r d is the radius of the disk electrode, and t is the time. The equations used in this approximation are sufficient to give D and c within an error of 0.6 %. The validity of this method in aprotic and RTIL solvents has also been described in a previous publication.
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The value for the radius (previously calibrated) was fixed, and a value for the diffusion coefficient and the product of the number of electrons multiplied by concentration was obtained 
Cyclic Voltammetry of BZA reduction in RTILs
Cyclic voltammetry for the reduction of benzoic acid (BZA) on a 10 µm diameter Pt electrode has been studied in six RTILs. Steady-state behaviour is observed at 100 mV s −1 , and the voltammetry becomes more transient in nature at higher scan rates (1000 mV s −1 ). It is believed that the reduction peak at ca. -1.25 V (1000 mV s −1 ) can be assigned to the one-electron CE reduction mechanism, where chemical dissociation of the acid preceeds the electron-transfer step:
On the reverse sweep, particularly at higher scan rates, an oxidation peak is observed which suggests either a quasi-reversible process or the oxidation of a product of the reduction. It is believed that this peak is the oxidation of adsorbed hydrogen, consistent with a similar observation observed following the reduction of the ammonium ion in RTILs. 30 There was no indication of a voltammetric peak for the oxidation of bulk hydrogen at all scan rates studied 8 (10 to 4000 mV s −1 ). There is also evidence of a "pre-peak" prior to the main reduction peak, which is suggested to be due to reduction forming adsorbed protons (H•(ads)). This peak, and the oxidation peak were both absent on gold electrodes, consistent with hydrogen being electrochemically inactive on gold. 28 It should also be noted that the peaks observed are not thought to be due to the reduction of the the BZA ring (which may be possible under some conditions); rather, protons are being reduced, leaving benzoate anions. A detailed mechanistic study in all six RTILs will be reported in a subsequent publication, but has not been included here since it is not the focus of this work. However, the focus will now turn to the measurement of chronoamperometric transients, both to calculate diffusion coefficients and solubilities, and to get an insight on the homogeneous kinetics of the CE reduction mechanism.
Potential Step Chronoamperometry
Potential-step chronoamperometry at a microdisk electrode is a commonly used electrochemical To investigate this, chronoamperometric transients at were obtained for the reduction of saturated solutions of BZA in six ionic liquids. The potential was stepped from a position of zero current (typically 0 V) to a potential after the reductive peak, and the current was measured for 10 seconds. In all cases, the theoretical fitting of the Shoup and Szabo expression 46 to experimental transients was excellent (±0.7 %) on a 10 µm diameter Pt electrode, implying that the C step is very fast, giving the response of a simple E step. 
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The calculated diffusion coefficients obtained from this method are given in Table 1 RTILs.
where k is the Boltzmann constant, T is the temperature and α is the hydrodynamic radius of the diffusing species. A plot of the diffusion coefficient of BZA vs. the inverse of viscosity is shown in Figure 3 . 
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In general, the solubilities in RTILs are relatively high compared to that reported in water (28 mM), 60 but typically similar to than in MeCN (850 mM). Since it is also known that the kinetics of the homogeneous step can be studied by observing how the limiting current changes as a function of size, 36-38 chronoamperometric transients were recorded at different concentrations of BZA on a smaller micro-electrode of diameter 2 µm. In a previous paper we used numerical simulation to find the limiting current, I lim , for the CE process at a microdisk. 36 The results were presented in terms of the value I lim /I * lim , where I * lim is the limiting current that would be expected if there was no preceding homogeneous process.
For a given value of disc radius, diffusion coefficient and concentration, the value I lim /I * lim is dependent only on the equilibrium constant and on the kinetics of the homogeneous process.
When the homogeneous process has fast kinetics, or a large equilibrium constant, the value of I lim /I * lim is expected to be close to unity, whereas for slow kinetics its value is considerably less. The linear dependence of I lim on the concentration of BZA suggests we are working in a region where I lim /I * lim is close to unity. 
Voltammetry for BZA Reduction in MeCN
In order to compare the behaviour in ionic liquids to that obtained in a conventional aprotic solvent, the electrochemistry of BZA reduction was also studied in acetonitrile. Figure 8 shows the reduction of 75 mM BZA in MeCN on a 10 µm Pt electrode at scan rates of 100 and 1000 mV s −1 . The voltammetry observed is steady-state in nature at all scan-rates studied (10-4000 mV s −1 ) and no evidence of a "pre-peak" or oxidation peak (seen in RTILs) was observed.
In order to carry out the same kinetic analysis as in RTILs, chronoamperometric transients were recorded for the reduction of BZA at various different concentrations on a 10 µm diameter Pt electrode. In all cases, the theoretical fitting of experimental transients was very good, and a diffusion coefficient and concentration was obtained. The average diffusion coefficient obtained over the whole range of concentrations studied is given in Table 1 , and is approximately two orders of magnitude faster than in RTILs, due to the lower viscosity of MeCN. The solubility could not be easily determined using chronoamperometric measurements due to the formation of crystals at saturated BZA concentrations, so a literature value is given.
Chronoamperometric transients were also recorded at different concentrations on a 2 µm diameter Pt electrode in MeCN, since the limiting current will only scale with concentration and electrode size if the homogeneous step is very fast.
36-38 Figure 9 shows a plot of the chronoamperometric limiting current against the concentration of BZA in MeCN on a 10 µm and 2 µm diameter Pt electrode. On both electrodes, the limiting current increases linearly with scan rate, and the gradient of the line on the 10 µm is approximately five times that on the 2 µm. This suggests that, similar to the behaviour of benzoic acid in RTILs, the C step given in equation 6 is also very fast in MeCN.
As in section 3.2, we can use the simulated results from our previous paper 36 to interpret the steady state currents of BZA in MeCN. The linear dependence of I lim on the concentration of BZA shows that we are working in a region where the value I lim /I * lim is near unity. Figure 10 shows the region where I lim /I * lim > 0.95, assuming a disc radius of 1.1 µm, a diffusion coefficient of 1.7 × 10 −9 m 2 s −1 for all species, and a concentration of 100 mM. This figure therefore gives an indication of the possible magnitudes of the rate constant for the deprotonation of BZA in MeCN.
Conclusions
Due to the good agreement of theoretical chronoamperometric transients to experimental data, and the linear relationship observed between the limiting current and concentration, the electrochemical reduction of BZA appears to follow a CE mechanism in RTILs and MeCN, with a 13 fast homogeneous chemical step preceeding the electrochemical step. 
